With recent advances in laboratory techniques and efforts to complex trait mapping, the amount of single nucleotide polymorphisms (SNPs) and the observed genotypic data have grown dramatically, which increase the needs to develop efficient theoretical methods to make sense of these data. Linkage disequilibrium (LD) has been thought as an effective tool to facilitate the mapping of complex trait loci through wholegenome association studies (Ardile et al., 2002). However, this approach depends crucially on the pattern and extent of LD in the human genome. In order to visualize LD pattern and extent of the candidate genome locus, we develop a java-based computational tool for performing LD analysis.
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LD is the non-random association of alleles at adjacent loci. Traditionally, most of the LD analysis is in the context of two alleles at each of two loci. We will be concerned with autosomal SNPs genotypic data with unknown phase. First, a Monte Carlo permutation based exact test or a χ 2 -test is used to test whether the alleles at each locus are * To whom correspondence should be addressed.
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conformed to Hardy-Weinberg equilibrium (HWE) (Weir, 1996) . Then, for those alleles at each locus in HWE with sufficient sample size(chromosome ≥ 100), an expectationmaximization (EM) algorithm is employed to estimate the four haplotype frequencies of pairwise loci (Hudson, 2001) . Several pairwise measures based on standard coefficient D (Lewontin, 1964) have been used to quantify the degree of LD, such as Lewontin's standardized disequilibrium coefficient D (Lewontin, 1964) , the square of correlation coefficient r 2 (Hill and Robertson, 1968) and so on. Finally, in order to test significant association among alleles at two loci, a Monte Carlo simulation-based likelihood ratio test (Slatkin and Excoffier, 1996) or a χ 2 -test is used. If statistical significance (P ≤ 0.05) is detected, then it can be concluded that the LD degree is significantly different from zero. However, the significance level must be corrected for multiple comparisons when concerning the LD or HWE of global locus (Weir, 1996) . Linkage disequilibrium analyzer (LDA) is a java-based Graphic User Interface (GUI) implementing the above algorithms for pairwise LD analysis. It takes a simple flatfile as input, which is mainly genotypic data tabulated by locus and sample and missing data is allowed. The relative physical position of each site and sample size is also needed for further analysis. A dialogue is used to set up parameters and for optional selection of the different test method. The input parameters include the permutation number in LD test, the randomization number in HWE test, and the spanned sequence length. The output parameters are partition values for the figures of LD measures and test. The users can choose doing the coarser but faster tests (e.g. χ 2 -test) or the more precise but time-consuming ones (e.g. likelihoodratio test). In the tabbed-output panel, LDA demonstrates the results both in the form of graphics and plain-texts. and test, it can demonstrate the relationship between pairwise LD measures (i.e. D and r 2 ) and physical distance to observe LD extent. An adjacent LD window analysis is used to visualize potential LD blocks or recombination hotspots in the candidate genomic region. Finally, the nucleotide diversity statistics, θ and π , are calculated from the genotypic data, and the frequency spectrum is also presented in the graphic panel.
Upon comparing analysis results with a sample size 58, the measures calculated by LDA are compatible with those by Arlequin and 2LD (http://www.iop.kcl.ac.uk/IoP/ Departments/PsychMed/GEpiBSt/software.shtml). Compared with the versatile 'Arlequin' (Schnerder et al., 2000) and the distinct 'GOLD' (Abecasis and Cookson, 2000) software, LDA is a java-based integrated program, which can be run on different platforms. It provides direct estimates of LD statistics, performs the statistical test of LD and predicts the extent of LD for the autosomal SNPs genotypic data. It serves molecular geneticist as a handle tool to visualize the LD pattern and extent. The overall graphics are especially suitable for LD comparative analysis among loci or population, and are commonly used in figures for journal publication, which is usually drawn manually. In conclusion, the integrated outputs will greatly facilitate association study based on SNPs.
However, there are limitations to use LDA. LDA can only handle bi-allelic SNP markers, and is not suitable for multi-allelic (e.g. microsatellite) markers. Since it estimates pairwise loci haplotype frequencies of the sample using EM algorithm, the sample size of more than 50 will be appropriate. And the graphic output will be showed best at moderate locus number of 20-40. Moreover, LDA cannot reconstruct the multi-locus haplotype and infer the individual's haplotype from the input genotype data. However, there are existing softwares for handling this problem, e.g. the vigorous PHASE software (Stephens et al., 2001) .
